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ABSTRACT 
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IMTRnDijCTinf4 


Followina  the  develooment  of  Morse-codea  e  1  ec  t  ronnagne  t  i  c 
waves#  major  powers  throuahout  the  world  were  quick  to 
utilize  this  new  method  for  military  and  naval  signalling. 
The  advantages  gained  were  lonq-di stance  communication# 
speed  o^  transmission#  and  reliability  of  reception  under 
extremelv  adverse  conditions.  In  the  years  since# 
civilization  has  mane  significant  advances  in  communications 
tecnnolooy  and  there  has  been  increasing  pressure  to 
eliminate  the  use  of  ^'-^orse  code  in  the  crowded  radio 
frequency  spectrum. 

''^orse-codeo  continuous  wave  transmissions  are  still  the 
most  reliable  "in  the  presence  of  high  noise  or  heavy 
interference.  Additionally#  thev  offer  the  advantage  of 
be  inn  the  simplest  (generally  implying  the  least  expensive) 
mode  of  communication  from  an  eauioment  standpoint.  Yet 
"civilized'*  countries  are  spurning  the  use  of  Morse  coae. 
Besides  being  "archaic"  ana  slow#  it  is  too  labor  intensive 
a  task  to  train  and  maintain  communications  operators  in  the 
use  of  Morse  code.  Certainly#  Morse  is  a  rather  old  method# 
out  many  nations  still  use  it  as  a  primary  m.eans  of 
communications  because  of  its  reliability  and  simplicity# 
not  because  of  its  age  or  "speed"  in  transmission. 

Assuming  that'  the  use  of  ^orse  code  will  continue  at 
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aoorox i ma t e 1 y  the  same  level  in  the  foreseeable  futurer 


and 


given  the  continuing  need  for  a  general  monitoring 
caoability  that  includes  Morse-trained  ooeratorSf  it  is 
logical  to  assume  that  the  requirements  for  Morse  monitoring 
activity  shoulo  remain  essentially  the  same. 

Un t 0 r t una t e 1 y /  budgetary  restraints  and  resulting 
manoower  cuts  have  dictated  some  significant  changes  in 
monitor  philosophy.  It  has  become  necessary  to  consider  at 
least  three  alternatives  in  maintaining  adequate  coverage  of 
existing  Morse  circuits:  Cl)  continue  present  coverage  with 
a  reduced  staff  of  trained  ooeratorsr  C2)  reclace  all  of  the 
operators  with  automatic  translation  devices^  or  (3)  utilize 
automatic  Morse  translation  devices  to  "assist**  those 
operators  remaininc  on  the  job. 

Alternative  (1)  is  unsatisfactory  simply  because  it 
dictates  further  overloadinq  operators  who  are  already  taxed 
to  their  physical  and  mental  capacity/  resulting  in  a  marked 
decrease  of  operator  efficiency.  Alternative  (?)  is  not  the 
Panacea  it  might  seem  to  manpower  manaoers/  for  no  device  or 
algorithm.  currently  available  is  capable  of  reliably 
replacing  the  human  operator  in  all  the  complex  aspects  of 
transcribino  ^*crse  code.  Alternative  (3)  appears  to  be  the 
best  approach^  since  it  offers  the  advantage  of  human 
operator  intervention  in  those  situations  where  automatic 
tra»"Slation  does  not  work  or  is  marginal  in  its  output/ 
moreover/  it  allows  the  machine  to  perform  the  more  tedious 
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and  routirie  transcriotions  that  human  operators 


might 


otherwise  abanoon  out  of  boredom  or  fatiaue. 

This  thesis  addresses  alternative  (3)  specifically^  and 
oresents  a  loaical  modification  apolicable  to  commercially 
available  '^orse  decoders. 


PROBLEM  DESCRIPTION 


I  I  . 


A.  GEr>!ERAL  INFORMATION 

Morse  code  is  not  a  lanauacje  in  itself/  but  rrerely  a  way 
of  representinn  virtually  any  languaoe.  It  is  comprised  of 
five  basic  elements:  (1)  the  dot/  (2)  the  aash,  (3)  the 
intra-character  space/  (^4)  the  letter  space/  and  (5)  the 
word  space.  Elements  from  aroups  (1)  and  (2)  are  MARK 
elements  and  are  detected  by  the  presence  of  a  signal. 
Elements  from  oroucs  (3)/  ( )  ,  and  (5)  are  SPACE  elements 
ano  are  detected  by  the  absence  of  a  signal.  Aopendix  A 
contains  a  listira  of  the  ‘“‘APK/SPACE  sequences  used  in  the 
International  MQpgg  code. 


A 

"dot 

(also 

known  as 

"  d  i  " 

or  " d i t " )  is 

the  basic 

unit 

of  the 

o  r  s  e 

code 

and  w i 1 ] 

be 

assignee:!  a 

relative 

t  i  me 

duration  of 

one 

(  1  -0)  . 

A1  1 

other  ideal 

e  1  erren  t  s  may  be 

exnressen  in  terms  of  their  relative  dot  lengtns  as  shown  in 
Table  1 . 

There  are  two  very  broad  categories  of  Morse-coded 
sionals:  (1)  machine-sent  (automatic)  l■'•orse/  and  (2)  hand- 
sent  (manual)  Morse.  At  this  point/  it  is  necessary  to 
divine  the  discussion  of  Mgrs/*  code  properties  into  these 
cat  eoc r i es . 
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TABLE  I 


standard  morse  element  lengths 


mark 

ELEME.-vIT 

SPACE  ELEMEIjT 

oo  t 

=  1.0 

intra-character  = 

1.0 

aas  h 

=  3.0 

letter  = 

3.0 

word  = 

7.0 

B.  PROPERTIES  CF  VAChINE-SENT  MORSE  CODE 

Machine-sent  “^orse  code  is  the  easiest  to  describe 
because,  without  oredesianed  variations/  it  is  the  standard 
to  which  all  ether  Morse  is  comoared.  Automatic-Morse  code 
can  be  Generated  bv  a  numoer  of  devices/  either  electrical 
or  mechanical.  Kevboard-tyoe  devices  are  by  far  the  most 
common  and  reduire  ooerators  to  send  coded  signals  by  touch 
tynewriting  technicues.  A’ithout  nerrory  or  buffer  aevices/ 
the  operator  may  not  type  faster  than  tne  code  is  being 
Generated.  If  tne  soeed  of  tne  code  being  generated  is  much 
Greater  than  the  averaGe  soeed  of  the  characters  being  typed 
by  thp  operator,  the  result  will  be  a  Great  variation  in 
LETTER  SPACE  ano  .\CRO  SPACE  lencths.  The  mannitude  of  these 
variations  will  be  a  function  of  the  operator's  tyoi nq 
rhythm. 

Fiaurp  1  is  a  histogram  of  the  ARK/SPACE  elements 
Generated  py  a  <eyboard  encoder  durina  the  sarrole  message. 
As  expected/  the  OOT,  DASH,  and  INTRA-CHARACTER  SPACE 
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elpfnents  are  well-defined.  Note#  howevepf  the  disparate 
LETTEr^  SPACE  and  WORD  SPACE  definition.  This  is 
attributaole  to  ooerator  rhythm  and  will  not  generally  be  of 
serious  conseauence  in  the  decoded  output*  Figure  2  is  a 
further  breakdown  of  the  histoaram  information  by  plotting 
the  relative  length  of  a  mark  element  versus  the  relative 
length  of  its  subsenuent  S^ACE  element*[l]  The  previous 
information  may  also  be  noted  using  this  graph,  and  the 
olot's  significance  will  not  become  apparent  until  Manual- 
Morse  code  generation  is  discussed  in  greater  detail. 

C.  PROPERTIES  OF  HAi\D-SENT  moRSF  CODE 

Manual-Morse  coce  is  generated  by  either  the  simple  hand 
kev  or  a  semi-automatic  ("bun**)  key.  The  hand  key  amounts 
to  a  sinale-oole-s ingle-throw  switch  being  opened  and  closed 
in  the  proper  senuence  to  generate  the  desired  code 
character.  A  semi-automatic  key  makes  **dots”  automatically 
oy  vibrating  a  weighted  soring  against  a  contact.  "Dashes** 
are  made  manually  one  at  a  tim.e  by  the  operator.  The  keying 
oadole  is  moved  horizontally  as  ooDOsed  to  the  vertical 
motion  used  in  the  hand  key.  A  well"*3djusted  "dot**  contact 
on  a  semi-automatic  <ev  should  make  lb  to  20  evenly  spaced 
"dots*'  of  nearly  identical  length.  The  senoing  speed  is 
aojustec  bv  sliaina  a  vieiaht  in  or  out  on  the  cot  vibrator 


arm 


e 

tTj 

u 

o 

4J 

cn 

•H 

K 

C 

o 

•H 

4J 

d 


0) 

u 

•H  O 

h  a 

<D 

4J 

o 

d 

03 

x; 

u 


0) 

CO 

o 

a 


IS 


aDNaHHODDO 

>IHVW 


aoNaHHnDoo 

aDVds 


(Machine- 


SUBSEQUENT  SPACE  DURATION 


10.5- 


8.0  ■ 


7.0- 


4.0 

3.0 


1.0 


©  <- 


0 


WORD  SPACES  - ^ 


LETTER  SPACE 


0 


ELEMENT  SPACE- 


■^0 


1.0 


MARK  DURATION 
Figure  2. 

Data  Distribution  Plot 
(Machine-Morse ) 


3.0 


16 


It  is  generally  conceded  that  code  speeds  in  excess  of 
30  worn  (  wo  rds -pe  r-p"  i  nu  t  e  )  are  beyono  the  capabilities  of 
operators  using  hand  {<eys.  At  speeds  greater  than  20  wpm  a 
**buq*’  is  generally  preferred  by  experienced  operators. 
Although  the  current  world's  speed  record  for  receiving 
N^orse  code  (set  by  Teo  R.  I'-^cElroy  in  193^)  is  75.2  wpoi^ 
there  are  few  operators  in  the  world  capable  of  sending  over 
^5  or  50  wpm  manually.  See  Aopendix  B  for  a  discussion  of 
Morse  code  sneed  standaros. 

Because  of  t^e  "infinite"  variety  of  characteristics 
describing  the  a  n  u  a  1 -Mo  r  se  signal#  any  attempt  at 
"comprehensively"  aiscussing  those  properties  is  doomed  to 
failure  before  it  is  initiated.  Therefore#  this  discussion 
will  oe  li'Tiited  in  scone  to  some  of  the  more  "typical" 
aspects  of  Manual-Morse  code. 

One  of  the  most  sicnificant  complications  of  the 
Manual- Morse  si  anal  is  th^  tendency  of  human  operators  to 
seno  erroneous  code.  This  is  sometimes  attributed  to  a 
semi-automatic  device#  but  usually  it  is  just  plain  operator 
ca  re  1 essness . 

Bor  the  test  messaoe  using  a  hand-key#  figures  3  and  ^ 
correspond  to  fiaures  1  and  2  respectively.  Figures  5  and  6 
correscona  similarly  and  are  for  the  test  message  using  a 
semi-automatic  key.  Fiaure  7  illustrates  the  differences  in 
relative  soacinc  for  the  tnree  keying  methods.  Since  the 
individual  mo^hoas  of  keying  used  different  speeds#  the 
lenatns  of  tho  elements  shewn  in  fiaure  7  have  been 
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normalized  to  qive  a  basis  for  comoarison. 

For  t^^e  Hanc-keyea  N'orse  samole#  it  is  seen  that  there 
are  two  distinct  distributions  for  ^'’ARK,  These  may  readily 
De  defined  as  "dot**  (1  unit)  and  "dash”  (5.6  units).  Note 
that  this  is  slightly  hiaher  than  the  "ideal"  three-to-one 
dot/dash  ratio  soecified  in  Table  !•  Further#  definition  in 
the  MARK  distribution  is  much  clearer  than  in  the  SPACE 
distribution.  /vhile  it  aopears  that  the  Dossibility  of 
boundary  decision  error  for  differentiation  between  INTRA¬ 
CHARACTER  SPACE  and  LETTER  SPACE  is  small#  it  could  become  a 
significant  factor  in  a  larger  samole.  For  this  sample#  the 
intra-character  space  seems  to  be  aocroximately  l.l  units. 
At  this  ooint#  the  reader  is  cautioned  not  to  make  hard 
decisions  regarding  ^he  distribution  of  LETTER  SPACE 
(aooarentlv  3.8  units)  ano  I'^ORD  SPACE  (aoparently  5.6  units) 
since  it  is  nuite  possible  that  LETTER  SPACES  and  vvORD 
SPACES  are  thcrouohly  inter-mixed  in  Manual-Morse  samples. 
Fiaure  ^  illustrates  this  effect  and  is  apo r op r i a t e 1 y 
annotated.  The  distinction  here  is  largely  academic#  since 
the  generation  of  anoitional  spaces  or  the  deletion  of 
intended  soaces  will  rarely  damage  the  context  of  the 
message. 

Si  mi  la'"  concltjsions  may  be  made  from  the  semi- 
automatically  keyed  samples  shown  in  fi cures  5  ana  6.  Here# 
the  acna'"ent  regularity  of  "dot'*  formation  is  attributed  to 
the  automatic  nature  of  the  keying  device.  Using  the  "dot" 


re  ference 


dash"  apcears  around  3.9  units#  LETTER  SPACE 


arouno  ^•0(?)f  and  vVQPD  SPACE  around  6,0(?).  ^Jote  that 
there  will  be  four  tyoes  SPACE  elements  representing  the 
IiMTRA-CHARACTER  SPACE:  (1)  the  space  between  two  ’’dots'* 
automatically  generated  by  the  key#  (2)  the  space  between  an 
automatic  ’’dot”  anc  a  subsequent  ’’dash"  manually  keyed#  (3) 
the  space  between  a  manual  "dash”  and  a  subsequent  "dot” 
automatically  keyed#  and  (^)  the  space  between  two  "dashes” 
manually  keyed.  SPACE  elements  of  type  (1)  would  be 
expected  to  be  auite  reoular#  out  all  other  types  may  be  so 
irregular  as  to  overlap  into  the  LETTER  SPACE  "boundary"  or 
Possibly  the  SPACE  boundary. 

It  is  of  interest  to  note  that  figures  4  and  6 
illustrate  the  premise  that  SPACES  preceded  by  dots  tend  to 
be  longer  than  those  preceded  by  dashes.  [21 

D.  MqPSE  TRANSLAflOrj  OBJECTIVES 

Automatic  decodina  of  Morse-coded  signals  is  a  classical 
proplem  in  statistical  detection  theory.  Although  automatic 
decoders  have  been  highly  successful  in  monitoring 
Au t oma t i c -Mo r se  ccce  of  suitable  s i gna 1  - 1 o-no i se  ratio#  no 


practical  system 

has 

been  developed 

for 

re) i a  b 1 y 

decod i ng 

a  )  1 

V  a  r i a  t ions 

0  f 

hand-sent  Morse 

code  , 

This  has 

been  due 

t  0 

the  inability 

t  o 

aeal  with  all  of 

the 

ncn-stat ionari t  ies 

of  the  Manual- '^^orse  signal.  (Reflected  only  partially  by 
the  maRk/SPACE  statistics  of  different  operators  or  by  the 
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Figure  4. 

Data  Distribution  Plot 
(Hand-sent  Morse) 
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Character  Duration  Histogram 
(Semi-Automatic  Morse) 
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Figure  6 . 

Data  Distribution  Plot 
(Semi-Automatic  Morse) 
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Test  Message  Comparison 


statistics  of  the  same  operator  over  a  oeriod  of  time.) 

Characteristics  that  have  contributed  to  the  overall 

difficulty  in  automatic  decoding  include:  (1)  gradual 

transmitter  freouency  drift/  (2)  raoid  transmitter  frequency 

drift  (“chirp’*)/  (3)  receiver  drift/  (^)  sloDpiness  during 

certain  tvoes  of  traffic  (e.g.  call-sian  traffic)/  (5)  the 

1 

use  of  “cut”  number  traffic/  (6)  oropagation  effects/  (7) 
noise  from  any  sourcer  and  (8)  the  presence  of  many  other 
f-^'orse  and  non-’^orse  signals  in  the  receiver  passband. 

To  get  some  iaea  of  what  must  be  expected  of  an 
automatic  oecoder/  a  discussion  of  human  attributes  is  in 
order. 

The  human  ear  is  a  remarkable  device.  Couoled  with  the 
brain/  it  forms  a  very  oowerful  audio  processing  system. 
Although  the  system  is  basically  broad-banded  (covering  a 
range  of  aoproximately  ten  octaves)/  it  can  be  made 
extremely  narrow-banded  instantaneously  and  vwithout  ohysical 
effort. (3/^1  Fiaure  8  shows  that/  for  frequencies  between 
20h  h'z  and  ^00  Hz/  the  critical  cenowidth  of  the  single  ear 
is  5  0  H z .  ( 5 ) 

The  ear  is  caoable  of  hearing  signals  below  the  noise 
level.  It  has  been  reoorteo  that:  (1)  ^^'orse  code  signals  at 


1 

"Cut'*  numbers  are  numbers  that  have  been  shortened  by 
recetitive  cashes.  (e.g.  The  numberal  ^  is  normally  sent  as 
[  -  -  -  -  ,  )  but  as  a  "cut"  number  would  be  sent  as  the 
letter  "N”  (  -  .  1.)  See  Acoenoix  A  for  a  listing  of  "cut" 
number  representations. 
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(2H)  q^pTAipueg 


Figure  8.  Critical  Bandwidth  of  the  Human  Ear 


0  dB  SNR  (signal-to-noise  ratio)  were  completely  readable# 
(?)  call  signs  were  accurately  identified  at  •R  dB  to  •!?  dB 
SNR#  and  (^)  the  "presence**  of  signals  at  -20  dB  SNR  could 
be  detected  but  those  signals  were  not  readable*  [^#6] 

Tne  human  brain  is  a  very  complex  but  flexible  processor 
that  automatically  adapts  to  a  wide  range  of  signal 
characteristics.  Furtner#  since  knowledge  of  the  code  and 
the  lanouaqe  being  usea  is  already  present#  the  brain  can 
make  contextual  analysis  on  the  signal  and  even  allow  a 
certain  amount  of  anticioatory  response.  l^hen  there  is  some 
nouDt  about  a  particular  character#  an  experienced  operator 
will  ’*lag"  behind  a  few  characters  and  piece  together  the 
intenoea  messaoe.  Since  the  experienced  monitor  operator 
treouentlv  knows  wnat  the  sender  intends  to  say#  tremendous 
allowances  can  be  made  in  translating  poorly  sent  Morse 
code.  For  example^  an  operator  might  recognize  the  signals 
(  -  --  •-  1  contextually  as  the  letters  CQ;  a 
mechanical  translator  would  usually  indicate  the  letters  T  R 
M  A  (as  it  was  sent). 

For  a  mechanical  translator  to  REPLACE  an  experienced 
operator#  the  followina  characteristics  would  be  required: 
(1)  narrow-band  audio  response#  (2)  the  ability  to  track 
gradual  treauency  arift  vet  ignore  "chirp"  on  a  signal#  (3) 
the  ability  to  detect  sinoals  at  or  below  the  noise  level# 
(a)  the  ability  to  seqreaate  Morse  sionals  from  non-Morse 
signals  in  the  oassband,  (5)  the  ability  to  select  a  desired 
Morse  signal  from  many  Morse  signals  in  the  passband#  (6) 
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the  ability  to  track  soeed  variations  with  little  or  no 


effect  on  rtecodinof  (7)  the  ability  to  identify  the  sending 
ooerator  and  nfiake  allowances  for  idiosyncrasies  in  sending# 
and  (8)  the  ability  to  oerform  contextual  analysis  on  the 
message  as  a  whole. 

By  current  standards#  a  device  aoproaching  these 
standards  would  have  to  be  a  soec i a  1 -pu rpose  computer  with  a 
rather  large  nemof'v.  Such  an  installation  would  not  be 
cractical  in  mobile  environments#  and  would  probably  be  too 
costlv  to  maintain  for  fixed  installations.  Further#  there 
is  no  macnine  available  that  can  successfully  replace  the 
numan  monitor  operator  in  daily  operations. 

Because  it  is  generally  conceded  that  sophisticated 
decoding  algorithms  alone  are  unable  to  satisfactorily  solve 
the  whole  problem#  certain  compromises  must  be  made.  If  an 
operator  is  allowed  ^o  make  critical  decisions  regardinq 
suitapility  for  machine  translation#  an  automatic 
translation  system  becomes  feasible.  For  an  automatic 
translator  to  ASSIST  an  experienced  operator#  the  following 
characteristics  are  reco  mi  mended:  (1)  relatively  narrow- 
banded  audio  response  (used  in  conjunction  with  a  tracking 
receiver  if  possible)#  (2)  cjetection  of  a  signal  at 
reascnablv  low  SNR#  (3)  track  speed  changes  with  little 
detriment  to  the  decoded  output#  and  (^)  sufficient 
tolerance  of  poorly  sent  Morse  code  enabling  translation 
correct  enough  for  contextual  analysis  by  an  operator* 

It  IS  obvious  that  automatic  translators  can  be  used 

?5 


with  great  success  at'hiaher  code  speeds  because  those 


high 


speeds  are  probably  being  generated  by  a  machine.  This 
would  free  an  operator^  normally  transcribing  a  tape  at  a 
slower  Sneeds  to  monitor  a  less  adaptable  signal. 

For  this  thesiS/  a  Pic^erina  model  230D  automatic  Morse 
code  translator  was  chosen.  Althouoh  there  were  many 
considerations  made  in  this  choice^  the  primary  reasons  for 
the  final  decision  were:  (1)  ease  of  modification  to 
existing  circuitry,  (2)  ability  to  accept  reasonable 
variations  in  code  signals,  (3)  cost,  and  (^)  output  device 
flexioility.  Refer^^nce  [7]  supports  this  decision  and 
contains  an  ^valuation  of  the  230D*s  performance. 


algorithm  design  AhlD  I  MPL  F  MFN  T  A  T  I  ON 


III. 


A.  origIimal  algorithm 

Fiaure  9  is  a  functional  block  diaqram  of  the  Pickering 
230-0  International  Morse  Decoder.  Audio  outout  from  a 
receiver  is  aoolied  to  the  PVP  (Period  Variance  Processor). 
The  PVP  serves  as  a  narrow-banded  audio  filter  with  a 
oassband  from  780  to  960  hz  and  converts  this  analog 

audio  input  into  a  diaital  output  signal  that  can  be 
analyzed  by  the  decoder. 

The  230-0  decoder  aloorithm  is  similar  to  that  presented 

2 

oy  Guenther[l]/  and  is  baseo  on  the  OOT-PEPIOO  AVF.RAGE 
(internally  de-sinneted  "A")  of  the  code  being  received.  The 
digital  tracker  within  the  decoder  measures  the  time 
interval  oetween  two  adjacent  marks  on  EVERY  OTHER 

transition  Detwe*=^n  narks.  This  interval  is  designated  '*An'* 
and  is  subject  to  a  fixed  boundary  decision  which  allows  the 
value  of  "An*'  to  be  averaged  into  ”A*'  only  if  it  is  less 
than  (3A/2).  This  oermits  the  tracker  to  discard  any  value 
wnich  would  crobably  be  a  dash.  If  the  value  of  "An"  is 
suitable^  the  formula  for  averacino  is:  A=(3A/^)f(An/4). 


2 

For  a  discussion  of  the  DOT-PERIUD  AVERAGE  and  other 
aldorithmsf  see  Aocendix  D. 
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Figure  9. 

Functional  Block  Diagram  (Pickering  230-D) 


Initial  1 y  > 


A"  is  internally  set  to  the  equivalent  of 


10.5  wom  Morse  code  and  the  tracker  aoproaches  the  true 

speed  of  the  received  code  in  proportion  to  the  accepted  dot 

rate.  Once  “A"  is  reasonably  close  to  the  ACTUAL  dot  period 

of  the  received  code/  decoding  takes  place  according  to  the 

follovvina  fixed  boundary  decisions: 

(1)  If  the  instantaneous  interval  (internally  designated 
"Mn”)  of  a  mark  was  less  than  A,  the  mark  was  a  dot. 
I  Mn(MARK)  <  A  =?►  DOT  1 

(^)  Mn(MAPK)  >  A  DASH 

(3)  Mn(SPACE)  <  A  ::$>  I  f!T  P  A-C  H  A  R  AC  T  ER  (ELEMEMT)  SPACE 

(t4)  A  <  Mn(SPACE)  <  2A  LETTER  SPACE 

(Sr  Mb(SPACE)  >  2A  ^  aORD  SPACE 

Note  that  ALL  of  the  above  decoder  decisions  are  based  on 
the  dot  oeriod  average/  A. 

B.  MODIFICATIONS  TO  THE  OPIGIMAL  ALGORITHM 

Because  of  the  extensive  circurt  modifications  required/ 
no  attempts  were  made  to  change  the  five  basic  boundary 
decisions  used  oy  tne  decoder. 

with  regard  to  the  desired  translation  objectives  for 
operator  assistance:  the  area  requiring  most  improvement 

was  (3)/  the  ability  to  track  abrupt  soeed  changes  with 
little  c»triment  to  the  leroded  cutout. 
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unnncdi’^ied  230-0  is  caoable  of  tracking  slow  or 
moderate  soeed  variations  with  little  difficulty.  However^ 
the  aecoder  often  loses  the  first  four  or  more  characters 
when  initially  establishing  the  dot  oeriod  average  and  will 
also  decode  incorrectly  for  a  time  following  an  abrupt  speed 
increase.  If  there  is  a  sudden  speed  decrease  (to  a  value 
less  than  two-thirds  of  the  previous  value  in  the  tracker)# 
the  digital  tracking  circuit  will  "hang”  and  decode 
improcerly  for  an  indefinite  cerioci.  Since  oownward  speed 
tracking  is  limiteo  by  the  fixed  boundary  acceptance  of 
(3‘^/2)/  no  effort  to  change  this  can  oe  made  without 
detriment  to  the  ovprall  230-0  algorithm. 

Any  improvement  to  upward  soeea  tracking  must  cause  the 
digital  speed  tracker  to  aooroach  the  actual  sending  speed 
at  a  taster  pace.  The  first  modification  performed  involved 
elimination  of  the  samplina  portion  of  the  algorithm.  (See 
f inures  10  ana  ll.)  Since  "An"  was  sampled  on  every  other 
transition#  an  inertial  effect  was  observed  in  the  oiqital 
sceea  tracker.  Ihe  original  samolino  techniaue  forced  the 
decoder  to  make  incorrect  boundary  decisions  until  the  value 
of  "A"  was  within  the  tolerance  allowed  by  the  230-0 
aloorithm.  Incorrect  decoding  was  observed  for  an 
indefinite  period  when  appropriate  (high  dash  or  dash-only 
content)  cooe  characters  w^re  used#  typical  code  sequences 
(random.  groups  or  plain  text)  orooucea  incorrect  decoded 
output  for  a  numner  of  characters#  deoendino  on  content  and 
soeen.  Specific  results  of  this  r.odification  are  documented 
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Figure  10. 

Original  230’-D  Sampling  Section  Diagram 
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230-D  (Mark  Sampling  Removed) 


in  Chapter  ,  Section  A, 


A  subsequent  'noaification  was  proposed  that  used  digital 
inteoratea  circuit  static  shift  registers  to  delay  the  MARK 
signal  internally.  Where  the  original  algorithm  based 
decisions  on  an  average  derived  solely  from  the  PREVIOUS 
code  characterSf  the  Delay  Algorithm  effectively  allowed  the 
character  involved  and  a  variable  number  of  **  previous” 
characters  to  contribute  to  the  overall  average.  This  would 
allow  thp  decoder  tc  base  ^^APK/SPACE  decisions  on  an  average 
cf  pastr  presentf  and  to  some  extents  "future”  code 
cnaracters. 

Assume  that  the  following  seauence  is  sent: 

. . . - ] 

C  QDEO  PER  A  TOR  1 

If  the  oriainal  algorithm  sampled  and  declared  the  first 
dot#  and  the  dioital  speed  tracker  reauired  four  samoled 
dots  tc  beoin  correct  aecodinc#  then  the  decoder  output 
wo'ilo  be:  OPERATOR  I  (a  loss  of  four  characters).  In 
practice#  some  early  dasnes  might  be  averaged  into  the 
tracker  if  boundary  conditions  are  met.  For  this  and 
subseauent  examples#  dash  contribution  is  considered 
neo 1 i g i b 1 e • 

If  the  alternate  sample  provision  is  removed  and  if  four 
cots  are  required  to  oecode  correctly#  then  the  decoder 
output  would  he:  E  OPERATOR  1  (a  loss  of  three  characters). 
Althouoh  the  removal  cf  the  alternate  sampling  appears  to 
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reduce  cHaracter  losSf  there  is  still  room  for  improvement# 

If  the  Oiaital  Delay  modification  is  implemented  and  the 
dioital  speed  tracker  is  allowed  to  determine  the  speed  of 
received  code  BEFORE  translation  occurs^  a  definite 
improvement  should  result.  If  the  delay  holds  an  equivalent 
of  four  **averaae"  Morse  characters#  the  digital  speed 
tracker  should  be  able  to  begin  decoding  immediately  with 
the  output:  CQ  OE  OPERATOR  1  (no  loss  of  characters). 

This  modification  is  based  on  the  knowledge  that  human 
operators  often  carry,  a  few  letters  (or  words)  mentally 
before  transcriotion.  This  trait  in  humans  has  two  common 
ramifications:  (1)  it  allows  the  operator  to  piece  together 
portions  of  a  messaae  contextually  when  there  is  doubt  about 
th»  character(s)  sent#  and  (2)  it  tends  to  smooth  out  the 
rate  at  whicr  code  characters  must  be  transcribed;  this  does 
a^ay  with  tne  feelino  of  "panic’*  tnat  results  from  trying  to 
write  down  each  character  before  tne  next  one  is  heard. 

Because  tne  230-0  ooes  not  have  a  contextual  analvsis 
capability  and  machines  are  net  nenerally  known  to  panic# 
the  actual  effect  of  th<^  delav  is  to  allow  the  tracker  to 
** anticipate"  SDe<=^d  changes  before  the  coded  signals  are 
applied  to  the  decoder. 

Since  the  number  of  bits  of  delay  will  contribute 
significantlv  to  the  overall  effectiveness  of  the 
^modification#  the  following  assumptions  were  made:  (1)  ^0 
wpm  will  he  consioerea  the  ** optimum"  working  speed#  (2)  at 
^0  worn,  the  delav  shouKh  averaoe  about  four  characters#  and 
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(3)  a  clock inq  freouPncy  of  ^^Bus  (available  from  the  230-D) 


will  he  used . 


at  ^<0  worn:  1  dot  =  30  msec 

average  Morse  character  =  12.3  dots 
four  characters  =  U9,2  dots 

Aith  a  ^i^ftus  clock  frequencvf  the  delay  will  require 


(aP.2  Oots)(30ms/oot)(l  bit/y^Bus)  =  3295  "bits" 

Since  the  2533  intearateo  circuit  SSR  (Static  Shift 
Reqister)  contains  102B  bits/  the  circuit  will  require  a 
total  of  four  chips  (^10*36  bits).  This  will  correspond  to  a 
oelay  of  approximately  1.8  seconds. 


12  wrm:  (af)Qh)  (UURus)  ( 1/IOOms) 
20  worn:  (^oop) (aasus) ( l/60ms)  = 

^0  wpm  :  (  y  09 6  )  C9 9 >^u s  )  (  I  / 3 0 m s  )  - 
bO  worn:  f'-i0‘3b)(iJa6us)(l/20ms)  = 


=  18.  ^4  oots  =  1.50  characters 
30.6  oots  =  2.419  characters 
61.2  dots  =  44.97  characters 
91.8  dots  =  7.446  characters 


It  is  interest inq  to  note  that  the  delay  carries  more 
characters  as  the  soeeci  increases  -  just  as  a  human  operator 
..pula  tend  to  dol 
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Figure  12. 

Digital  Delay  Circuit 
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Figure  13. 

Implementation  of  Delay  Modification 


I V  .  TESTING  AND  EVALUATION 


A.  TEST  PROCEDURES 

Any  test  of  an  electronic  Morse  decoder  is  highly 
subjective;  a  ©articular  test  will  have  a  different 
sionificance  for  every  individual  operator.  The  following 
tests  were  not  desianed  to  be  exhaustively  comprehensive; 
they  were  desiqnea  to  establish  some  basis  for  comparison  of 
exoerimental  results  for  various  modifications  to  the  ^30-0. 

Three  procedures  were  used  in  testing  the  230-0.  (1) 
Tests  were  performed  using  a  keyboard  Morse  code  generator 
at  \2  f  cO ,  and  ^0  worn.  The  ouroose  of  this  test  was  to 
establish  tne  maximum  decoder  improvement  that  should  be 
ooserved  using  machine  perfect  code.  Hiaher  speeds  could 
nave  t*een  used/  out  it  was  felt  that  this  information  would 
be  superfluous.  (2)  Tests  were  performed  using  a  recording 
of  an  automatical Iv  keved  broadcast  messaoe  ta<en  from  a 
receiver  with  a  2.1  Ktiz  bandwidth.  Signal-to-Noise  ratio 
was  Generally  good  ^ven  though  fading#  occasional  noise 
bursts#  and  voice  interference  were  all  observea.  (3)  Tests 
were  performed  usina  a  similar  recording  of  two  amateur 
ocera^'ors.  It  should  he  noted  that  the  sending  abilities  of 
these  operators  were  not  verv  good#  the  signals  were  tvpical 
of  hand-sent  Morse  code  that  was  (ana  is)  availaole  off- 


t  h  e  •  a  1  r 


The  puroose  of  tests  (?)  and  (3)  was  to  establish 


the  effect  of  the  modifications  on  typical  off-the-air  Morse 
code  transcription. 

The  procedure  used  for  test  (1)  was  to  transmit  an 
indivioual  character  repeatedly  until  the  decoder 
consistently  responded  correctly  or  definitely  established  a 
”not  decoded'*  state.  Following  the  alphanumeric  testf  a 
series  of  random  five  letter  groups  was  sent  in  a  similar 
fashion  until  the  oecoder  responded  consistently. 

The  "standards"  of  comparison  for  these  tests  are 
transcriotions  made  by  the  author.  In  these  transcriptions# 
contextual  spacing  has  been  utilized  to  simplify  reading  of 
the  transmitted  text.  For  t^ese  comoarisons#  it  should  be 
notea  that  the  230-D  will  fail  to  recognize  two  or  more  long 
Morse  characters  that  are  run  tociether.  In  these  instances# 
a  I'.OWD-SPACE  will  be  Generated.  This  effect  can  be  noted  in 
tne  data  tables  at  the  enci  of  this  chaoter. 


B.  test  evaluation 

It  can  be  seen  from  test  (1)  that  the  first  modification 
resulted  in  a  basic  reduction  in  the  number  of  characters 
lost  oy  the  230-0  before  correct  translation  began.  It  was 
noted  that  the  first  modification  increased  the  decoder's 
susceptibility  to  noise.  The  added  noise  susceptibility  was 
not  deemed  a  sionificant  complication#  since  plans  called 
for  thf^  eventual  adcition  of  a  ore-decoder  processor  similar 
to  tOfit  usee  by  Bell.fdl  Further#  test  (1)  shows  that  the 


DELAY  modification  resulted  in  a 


marked  improvement  over 


botn  tKe  of'iainal  230-0  aloorithm  ana  the  first  modification 
to  the  basic  algorithm. 

Tests  (2)  and  (3)  showed  some  improvement  with  the  basic 
algorithm  modification.  The  following  additional  effects 
were  observed  upon  implementation  of  the  DELAY  modification. 
(1)  A  reduction  (in  some  portions  of  text)  of  noise  effects 
was  observed  anc  was  probably  due  to  the  sampling  nature  of 
the  oioital  SS^*s,  This  samplina  property  also  had  the 
opposite  effect  in  some  isolated  cases,  (2)  A  tendency  to 
Oetter  differentiate  /‘ORD/LETTER  space  boundaries  was 
observed  in  some  marginal  situations.  This  property  made 
readina  decoded  text  output  somewhat  easier. 


TABLE  II 


TEST  (1)  -  12  WPM  RESULTS 


characters  lost 


character (S) 

ORIGINAL 

MODIFIED 

DELAY 

A 

n  .  d . 

1 

0 

e 

1 

1 

0 

c 

1 

1 

0 

0 

1 

1 

0 

E 

0 

0 

0 

F 

1 

1 

0 

G 

n  .  d  . 

n  .  d . 

n .  d . 

h 

1 

1 

0 

I 

n  .  d  . 

1 

0 

j 

n  #  d  • 

1 

0 

K 

1 

'  1 

0 

L 

1 

1 

0 

M 

n  .  c . 

n  .  d . 

n .  d . 

I'i 

n  .  d . 

n .  d . 

n .  d . 

0 

n  .  d  . 

n  .  d . 

n  .  d  . 

P 

- 

n  .  d . 

1 

0 

C 

n  .  d  . 

1 

0 

R 

2 

1 

0 

S 

1 

1 

0 

T 

0 

0 

0 

U 

1 

1 

0 

V 

1 

1 

0 

V.' 

1 

1 

0 

X 

1 

1 

0 

Y 

1 

1 

0 

z 

n  .  d . 

1 

0 

1 

2 

1 

0 

2 

1 

1 

0 

3 

1 

1 

0 

4 

1 

1 

0 

5 

1 

1 

0 

c 

1 

1 

0 

7 

1 

1 

0 

H 

1 

1 

0 

9 

O  •  d  • 

n  .  d . 

p .  d . 

n 

p .  d . 

n  .  d . 

n  .  d . 

. 

1 

1 

0 

r 

1 

1 

0 

ua 


TEST  (1)  -  12  WPM  results 
(CONTINUED) 


characters  lost 


CHARACTE»(S) 

ORIGINAL 

MODIFIED 

delay 

•7 

1 

1 

0 

/ 

1 

1 

0 

AA 

1 

1 

0 

aR 

2 

1 

0 

AS 

1 

1 

0 

rt 

1 

1 

0 

KN 

1 

1 

0 

St^ 

1 

1 

0 

UMVOG 

1 

1 

0 

ZAWf.'A 

1 

1 

0 

MDY.JR 

2 

2 

0 

X  IBTF 

1 

1 

0 

S.-iEZC 

1 

1 

0 

LKHfiA 

1 

1 

0 

»’j  R  i*'  Z  L 

2 

1 

0 

PI  J-'.J 

1 

1 

0 

MUPOJ 

n  .  d . 

3 

2 

TABLE  III 


TEST  (1)  -  20  WPM  RESULTS 


CHARACTERS  LOST 

character (3) 

QPIGIMAL 

^‘ODIFIED 

DELAY 

A 

n  .  d . 

2 

0 

B 

2 

2 

0 

C 

2 

n .  d . 

n .  d . 

D 

n  .  d . 

a 

2 

E 

0 

0 

0 

F 

2 

1 

1 

G 

n  .  a . 

n  .  d  . 

n .  d . 

h 

1 

1 

0 

I 

1 

1 

0 

J 

n  .  d . 

n  .d , 

n .  d . 

K 

n  .  d . 

a 

2 

L 

n  .  d  . 

1 

0 

M 

n  .  d . 

n  .  d  . 

n .  d . 

n  .  d . 

n .  d . 

n  .  d . 

0 

n  .  d  . 

n .  d . 

n  .  d  . 

P 

3 

n  .d . 

n  .  d  . 

Q 

n  .  d  . 

n ,  d . 

n .  d . 

R 

n  ,  o  . 

3 

n .  d . 

S 

1 

1 

0 

T 

n  .  d  . 

n  .  d  ♦ 

n .  d  ♦ 

U 

1 

1 

0 

V 

1 

1 

0 

y) 

a 

n  .  d  . 

n .  d . 

X 

2 

2 

0 

Y 

2 

n  .  d  . 

n .  d . 

Z 

n .  d . 

n  .  d . 

n .  d . 

1 

n  .  d . 

n  .  d  . 

n .  d . 

n  .  d . 

n .  d . 

n  .  d . 

3 

1 

1 

0 

a 

1 

t 

0 

5 

1 

1 

0 

0 

2 

1 

0 

7 

n  .  d . 

n  .  d  . 

0 

b 

n  .  d . 

n  ,  d . 

n .  d . 

Q 

n  .  d . 

n  .  d . 

n .  d . 

IJ 

n  .  d . 

n  ,  d  . 

n .  d . 

n  .  d . 

1 

0 

r 

a 

n  .  d  . 

n  .  d . 

n  6 


TEST  (1)  -  20  rtPM  RESULTS 
(CONTINUED) 


CH4RACTER(S) 


o 

/ 

A  A 
AR 
AS 
BT 
KN 
Sk 

UMVOG 
ZAaNA 
MOY  JR 
XlbTF 
SvjEZC 
LKHNA 
.•iPMZL 
P  IJMU 
MOPQJ 


CHARACTERS  LOST 


ORIGINAL 


MODIFIED 


DELAY 


3 

5 

n .  d . 

5 

2 

2 

n  .  d . 

2 

B 

2 

n .  n . 

3 

2 

3 

5 

n  .  d  . 
n  .  d . 


1 

9 

1 

2 
1 
1 

n .  d . 

1 

3 

n .  d . 
n ,  d . 

2 

5 

3 

n  .  d . 
n  .  d . 
n  .  d . 


n . 

n  . 

0 

n  ,  d . 
0 
0 

10 
n .  d . 
2 
a 
0 

n .  d . 
n .  d . 
n  .  d . 


o  Ql  O  CL 


TABLE  IV 


TEST  (1)  -  ^0  AiPM  RESULTS 


characters  lost 


ChARACTER(S) 

ORIGINAL 

MODIFIED 

DELAY 

A 

n  .  d . 

5 

2 

3 

0 

3 

0 

c 

7 

n  .  d . 

n .  d . 

D 

18 

5 

3 

E 

0 

0 

0 

F 

5 

2 

1 

G 

n  .  a . 

n  .  d . 

n .  d . 

M 

1 

1 

0 

I 

1 

1 

0 

j 

7 

n  .  d . 

n .  d . 

22 

6 

n .  d . 

L 

Cl 

3 

0 

M 

n  .  a . 

n  .  d . 

n .  d . 

f'i 

n .  0 . 

n  .  d . 

n .  d . 

0 

n  .  d  . 

n  .  d . 

n .  d . 

P 

n  .  d  . 

n .  d . 

n  .  d . 

G 

n  .  d , 

n  .  d . 

n .  d . 

R 

1  1 

5 

n .  d . 

S 

1 

1 

0 

T 

n  .  d  . 

n .  d . 

n  .  d . 

U 

5 

2 

0 

V 

5 

1 

0 

1'. 

21 

n  .  d . 

n .  d . 

X 

5 

3 

0 

Y 

n  .  d . 

n .  d . 

n .  d . 

z 

n  .  d . 

n  .  d . 

n .  d . 

1 

n  .  d . 

n .  d . 

n .  d . 

2 

n  .  d . 

a 

n  .  d . 

3 

a 

2 

0 

a 

3 

1 

0 

c. 

1 

1 

0 

6 

5 

2 

0 

7 

7 

b 

0 

8 

n  .  d . 

n  .  d , 

n .  d . 

9 

n  .  d . 

n  .  d . 

n .  d . 

0 

n  .  . 

n  .  d  . 

n .  d . 

. 

n  .  n  . 

2 

0 

r 

7 

n .  d  . 

n  .  d  . 

U8 


TEST  (1)  -  MO  VVPM  RESULTS 
(COMTINUFD) 


CHARACTERS  LOST 


CHARACTER (S) 

ORIGINAL 

MODIFIED 

DELAY 

'? 

a 

2 

0 

/ 

n  .  d . 

5 

n .  d . 

A  A 

n  .  d  • 

3 

0 

AR 

n  .  d  . 

3 

n  .  d . 

AS 

n  .  d  • 

2 

.  0 

er 

a 

2 

0 

KN  . 

n  .  d  . 

n  .d . 

n .  d . 

Sr\ 

n  .  d  . 

1 

n .  d . 

U'-'V-OG 

12 

7 

a 

Z  A,\NA 

25 

1  0 

6 

HCYJR 

n  .  d . 

n  .  d . 

n .  d . 

X  IBTF 

15 

3 

2 

SI-jEZC 

!  5 

10 

0 

LKH^IA 

n  .  d  • 

3 

0 

.•jPMZL 

n  .  d  . 

10 

10 

PIJMQ 

n  •  d  . 

n .  d . 

n .  d . 

MOFOJ 

n  .  d . 

n .  a . 

n  .  d . 

TABLE  V 


TEST  (2)  -  BROADCAST  MESSAGE 
OPERATOR  transcription 


CQ  CQ  CQ  VVV  VVV  VVV  DE  NPM/NPG  NPM/NPG  NPM/NPG  CQ  CO  CQ  VVV 
VVV  VVV  VVV  OE  NPM/NPG  MPM/NPG  MPM/MPG  CQ  CQ  CQ  VVV  VVV  VVV 
Dt  NPM/NPG  NPM/NPG  NPM/NPG  CQ  CQ  CQ  VVV  F  DIRNSA  ATTN  ASaS 
LIZ  WHPN  NPM  102131  tropical  STORM  NORMA  WARNING  05  HAS  MOVE 
D  ASHORE  60  miles  wEST  OF  ACAPULCO  AMO  DISSIPATED.  THIS  IS  F 
INAL  WARNING  ON  TROPICAL  STORM  NORMA.  BT  0T  UNCLAS  //N03ia5/ 
/  DIRNSA  ATTN  A^iiS  LIZ  WMPN  ?  NPM  1021  33  NORTH  PACIFIC  OCEAN 
HIGH  SEAS  WARNING  (EAST  OF  150E)  A.  FLEWEACEN  PEARL  101919Z 
SEP  7a  1.  HIGH  SEAS  WARNING  VALID  IIOOOOZ  TO  1U200Z  A.  SEAS 
12  FT  OR  GPTP  WITHIN  130  NAUTICAL  MILES  EITHER  SIDE  OF  A  LIN 
E  FROM  a?N6  150. SEl  TO  aZf'il  161E8  MAX  SEAS  THIS  AREA  la  FT. 
B.  SEAS  12  FT  OR  GRTP  WITHIN  250  NAUTICAL  MILES  EITHER  SIDE 
OF  A  LIi'.E  from  39.5N7  Ia2.5'.v2  TO  a7.5N6  171W9  MAX  SEAS  THIS 
AREA  16  FT.  C.  SEAS  12  FT  DR  GRTR  WITHIN  100  NAUTICAL  MILES 
either  side  of  a  line  from  3«N7  12i.5'vM  TO  a2M6  127vv0  MAX  SE 
AS  THIS  AREA  15  FT.  2.  2'^  HOUR  FORECAST  VALID  1  1  1200Z  TO  120 
OOOZ  A.  SEAS  12  FT  OR  GRTR  WITHIN  150  NAUTICAL  MILES  EITHER 
SIDE  OF  A  LINE  FROM  aONB  180/9  TO  a6N0  163E0  MAX  SEAS  THIS  A 
R£A  16  FT.  3.  SEAS  12  FT  OR  GRTR  wITHIN  250  NAUTICAL  MILES  E 
If  HEP  SIDE  OF  A  LITiF  FPQ*^^  SP.SriP  139W3  TO  a6.5N5  168.51'10  MAX 
SEaS  THIS  AREA  17  FT.  C.  SEAS  12  FT  OR  GRTR  WITHIN  150  NAUT 
ICAL  MILES  either  SIDE  OF  A  LINE  FROM  32N5  126. 5wa  TO  aa.5N3 
126WO  MAX  SEAS  this  area  17  FT.  BT  HT  UNCLAS  //N03ia5//  DIR 
NSA  ATTN  A8a3  LIZ  WvjPH  2  NPM  10191Q  WIND  WARMING  EFFECTIVE  1 
lOOOOZ  SEP  7a  1.  FORECAST  GALES  WARNING  WINDS  NORTH  NORTHwES 
T  TU  NORTH  NORTHEAST  35  TO  aO  KTS  FORECAST  TO  DEVELOP  BY  111 
200Z  UVE®  WATER  AREA  BOUNDED  BY  33.0N6  TO  a3.0N7  BETWEEN  13 
0.0-wa  and  120. 0w3  seas  10  TO  15  FT.  AREA  STATIONARY  BT  AR 


•Note 

1  : 

Underl i neo 

oo  r  t 1  on s 

to  tne  ^VP 

was  0  u  t  s 1 

was  due  to 

noise  or 

o text  indicate  audio  aoDlied 
de  the  passbandl  any  response 
interfering  signals. 
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table  VI 


TEST  (2)  -  BROADCAST  MESSAGE 
UNMODIFIED  230-n  TRANSCRIPTION 


FF  S.-~)  V  VVV  VVV  VVV  DE  NPM/NPG  NPM/NPG  NPM/NPG  CQ  CQ  CQ  VV 
V  VVV  VVV  DE  NPM/NPG  NPM/NPG  NPM/NPG  CO  CQ  CQ  VVV  VVV  VVV  DE 
NPM/NPG  NPM/NPG  NPM/NPG  CG  CQ  CQ  VVV^  DI  RN  SA  ATTN  Aa«3  LIZ 
i'lhPN  NPM  10ai31  TROPICAL  STORM  NO^A  EARNING  05  HAS  MOVED  ASH 
ORE  bO  M;TLES  inEST  OF  ACAPULCO  AND  DISSIPATED.  THIS  IS  FINAL 
wARfilNG  ON  TROPICAL  ^TORM  NORMA.  BT  BT  UNCLAS  //NOSIKS//  DIR 
NSA  ATT  A8'J3  LIZ  W'-PN  p  MPM  102133  NORTH  PACIFIC  OCEAN  HIGH 
SEAS  ^MRNING  JEAST  OF  150E]  A.  FLEivEACEN  PEARL  101R19Z  SEP  7 
a  1.  HIGH  SEAS  v.ARNIMG  VALID  IIOOOOZ  TO  1  1  1200Z  A.  SEAS  12  F 
T  OR  GRIP  vUTHTN  130  NAUTICAL  MRES  EITHER  SIDE  OF  A  LINE  FR 
OM  y2N6  150. 5E1  TO  a7Nl  lotES  MAX  SEAS  THIS  AREA  la  FT.  B.  S 
EAS  12  FT  OR  GRTR  WITHIN  250  NAUTICAL  MIES  EITHER  SIDE  OF  A 
LINE  FROM  39.5N7  ia2.5'A'2  TO  97.5Nb  171W9  MAX  SEAS  THIS  AREA 
16  FT.  C.  SEAS  12  FI  OR  GRTR  WITHIN  100  NAUTICAL  MILES  EITHE 

R  SIDE  OF  A  LINE  FROM  ^£7  123. 5W1  TO  a2Nb  127W0  MAX  SEAS  THI 

S  area  15  FT  £  2.  29  HOUR  F.FOPECAST  VALID  1  1  1200Z  TO  120000Z 

A.  SEAS  12  FT  OR  GRTR  WITHIN  150  NAUTICAL  MILES  EITHER  SIDE 
OF  A  LINE  FROM  99NP  180/9  TO  96N0  163E0  MA.X  SEAS  THIS  AREA 
lo  FT.  B.  SEAS'  12  FT  OR  GRTR  wTTHIN  250  NAUTICAL  MILES  EITHE 

R  SICE  OF  A  LllTEI  ET  IE  TIESTIII2  )|  139w3  TO  Ab.SNb  167  E  91 

EVO  MAX  SEAS  this  AREA  17  FT.  C.  SEAS  12  FT  OR  GRTR  WITHIN 
150  nautical  miles  EITHER  SIDE  OP__Q  LIN2  R30M  32N5  126. 5Wa  T 
0  9ij.5N3  I2b/'R  MAX  SEAS  THIS  AREA  17  FT.  BT  BT  UNCLAS  //N031 


95//  OIP'NSA  ATTN  A  893  LIZ  WWPH  2  NPM  101919  WIND  WARNING  EF 
FECTIVE  liOOOOZ  SEP  79  1.  FURECAST  GALE  WARNING  WINDS  NORTH 
northwest  to  north  NORTHEAST  35  TO  90  KT3  FORECAST  TO  DEVELO 
P  BY  111200Z  OVER  WATER  AREA  BOUTiDED  BY  33.0N6  TO  93.0N7  BET 
ween  130.0VJ9  AND  120. 0w3  SEAS  10  TO  15  FI.  AREA  STATIONARY  6 
T  AR 


Note  1:  Encircled  oortions  of  text  indicate  audio  applied 
to  tne  P'/R  was  outside  the  oassPand?  no  resoonse 
Note  2:  Underlined  oortions  of  text  inoicate  oiscreoancies 
with  Ooerator  Transcriotion  (Table  V). 


51 


TABLE  VII 


TEST  (2)  -  BROADCAST  MESSAGE 
230-D  (MODIFIED  SPEED  TRACKER)  -  TRANSCRIPTION 


C(;  CO  CQ  VVV  VVV  VVV  DE  MPM/nPG  mpm/npg  npm/npg  cq  cq  cq  vvv 
VW  vvv  DE  NP'^/NPG  MPM/NPGNPM/NPG  CQ  CO  CQ  VVV  VVV  VVV  DE  N 
PM/NPG  npm/npg  NPM/NPG  CQ  CO  CO  VVV  F  OINSA  AJIN  A8a3  LIZ  WH 
PN  NPM  102131  tropical  STORM  NORMA  WARNING  05  HAS  MOVED  ASHO 
RE  bO  MILES  WEST  OF  ACAPULCO  AND  DISSIPATED.  THIS  IS  FINAL  W 
ARMING  ON  tropical  ^TORM  NORMA.  0T  BT  UNCLAS  //N03105//  DIRN 
SA  ATTN  AB«3  LIZ  wMPN  2  MPM  102133  NORTH  PACIFIC  OCEAN  HIGH 
SEAS  WARNING  lEAST  OF  ISOEl  A.  FLEWEACEN  PEARL  101919Z  SEP  7 
y  1.  HIGH  SEAS  warning  valid  IIOOOOZ  TO  111200Z  A.  SEAS  12  F 
T  OR  GRfR  within  130  NAUTICAL  MILES  EITHER  SIDE  OF  A  LINE  FR 
OM  a2No  150. 5Et  TO  «7N1  1olE8  MAX  SEAS  THIS  AREA  10  FT.  B.  S 
EAS  12  FT  OR  GRTR  WITHIN  250  NAUTICAL  MILES  EITHER  SIDE  OF  A 
LIE  FROM  39.5N7  102.5^2  TO  a7.5N6  I7l'.'i9  MAX  SEAS  THIS  AREA 
lo  FT.  C.  SEAS  12  FT  OR  GRTR  WITHIN  100  NAUTICAL  MILES  EITHE 
R  SIDE  OF  A  lime  FROM  3aH7  123. 5W1  TO  a2N6  127W0  MAX  SEAS  TH 
IS  AREA  15  FTZ  2.  20  HOUR  FORECASI  VALID  1112002  TO  1200007 
A.  SEAS  12  FT  OR  GRTR  wITHTM  150  NAUTICAL  MILES  EITHER  SIDE 
OF  A  LINE  FROM  aaM8  l80/n  JO  ObfIO  163E0  MAX  SEAS  THIS  AREA  I 
6  FT.  B.  SEAS  f2  FT  OR  GRTR  MTHlN  250  NAUTICAL  MILES  EITHER 
SIDE  OF  A  L  JIT  E  1  ?l  139W3  TO  06.5M5  16G  E  0  E  EVO  MAX 

SEaS  this  area  17  FT.  C.  SEAS  12  FT  OR  GRTR  WITHIN  150  NAUT 
ICttL  MILES  either  SIDE  OF  A  LINE  FROM  32N5  12b. 5WO  TO  oa.5N3 
l2bW9  MAX  SEAS  THIS  AREA  17  FT.  BT  BT  UNCLAS  //N031O5//  DIR 
NSA  ATTN  A8U3  LIZ  WV'iPN  2  NPM  lOl^iQ  WIND  rtARNING  EFFECTIVE  1 
lOooOZ  SEP  70  1.  FORECAST  GALE  WARMING  WINDS  NORTH  NORTHWEST 
TO  f^ORTH  northeast  35  TO  /iQ  KTS  FORECUST  TO  DEVELOP  BY  1112 
OOZ  Over  WATER  AREA  BOUNDED  BY  33.0Nb  TO  O3.0N7  BETWEEN  130. 
OwO  and  120. 0W3  SEAS  10  TO  15  FT.  AREA  STATIONARY  BT  AR 


Note  1:  Encircled  cortions  of  text  indicate  audio  apolied 
to  the  PV°  was  outside  the  oassoandJ  no  resoonse 
Note  2t  Underlined  oortions  of  text  indicate  discreoancies 
with  Ooerator  Transcription  (Table  V). 


TABLE  VIII 


TEST  (2)  -  BROADCAST  MESSAGE 
230-D  (DELAY  MODIFICATION)  -  TRANSCRIPTION 


CQ  CO  CQ  VVV  VVV  VVV  OE  NPM/NPG  NPM/NPG  NPM/NPG  CQ  CQ  CO  VVV 
VVV  VVV  DE  NPM/NPG  NPM/NPG  NPM/NPG  CQ  CO  CG  WV  VW  WV  OE 
NPM/NPG  MPM/NPG  MP'VNPG  CQ  CO  CO  VVV^  DIRNSA  ATTN  A8a3  LIZ  W 
HPN  \PM  102131  TROPICAL  STORX  NORMA  NARNIMG  05  HAS  MOVED  ASH 
ORE  oO  miles  i\EST  OF  ACAPULCO  AND  DISSIPATED.  THIS  IS  FINAL 
aARNING  on  TROPICAL  F.TORM  MORMA.  3T  BT  UNCLAS  //N031i45//  DIR 
rNSA  ATTN  A803  LIZ  ivMPN  2  NPM  102133  NORTH  PACIFIC  OCEAN  HIGH 
SEAS  EARNING  JEAST  OF  150F]  A.  FLEWEACEN  PEARL  101919Z  SEP 
70  1.  HIGH  SEAS  EARNING  VALID  IIOOOOZ  TO  111200Z  A.  SEAS  12 
FT  OR  GRTR  VUThlN  130  NAUTICAL  MILES  EITHER  SIDE  EOF  A  LINE 
FROM  02No  150. 5El  TO  07N1  161E«  MAX  SEAS  THIS  AREA  10  FT.  8. 

SEAS  12  ET  OR  GRTR  ivITHlN  250  NAUTICAL  MILES  EITHER  SIDE  OF 
A  LINE  FRO'’’  3Q.5N7  102.5/(2  TO  06.5N6  171N9  MAX  SEAS  THIS  ARE 
A  lb  FT.  C.  'SEAS  12  FT  QR  GRTP  WITHIN  100  NAUTICAL  MILES  El 
ThER  side  OF  A  LINE  FROM  30N7  123. 5wl  TO  02N6  127w0  MAX  SEAS 
THIS  AREA  15  ft.  2.  20  HOUPF.FOREC AS T  VALID  1  1  1200Z  TO  12000 
OZ  A.  SEAS  12  FT  OP  GRTR  WITHIN  150  NAUTICAL  MILES  EITHER  SI 
DE  OF  A  LI^'E  Fj?OM  OONP  180/9  TO  ObNO  lb3E0  MAX  SEAS  THIS  ARE 
A  io  FT.  B.  SEAS  12  ft  OR  GRTR  WITHTN  250  NAUTICAL  MILES  EIT 
HER  SICE  OF  A  LIlT  FE  F  IE  FTT  ETTE  E  EfI  139lv3  TO  0b.5N6  1 6GE 
E  IIITO  ./|AX  SEAS  THIS  AREA  17  FT.  C.  SEAS  12  FT  OP  GRTR  WIT 
Hp;  150  nautical  MTLFS  either  SIDE  OF  A  LINE  FROM  32N5  126.5 
WO  TO  00.5''.'3  126'/'9  max  seas  This  AREA  17  FT.  BT  BT  UNCLAS  // 
N031O5//  DIRNSA  ATTN  A  803  LIZ  WWPN  2  NPM  10191Q  WIND  WARNIM 
G  EFFECTIVE  IIOOOOZ  SEP  70  1.  FORECAST  GALE  WARNING  WINDS  NO 
RiH  MORTHhEST  to  MOPTH  northeast  35  TO  OO  KTS  FORECAST  TO  DE 
VELUR  BY  111200Z  OVER  WATER  AREA  BOUNDED  BY  53.0N6  TO  a3.0N7 
BETWEEN  130. UWO  AMO  120. 0W3  SEAS  10  TO' 15  FT.  AREA  STATIONA 
RY  BY  AR 


Note  1:  Ericirclp>a  oortions  of  text  indicate  audio  aoclied 
to  tne  RVP  was  outsid<“  the  passband;  no  resoonse 
Note  2:  Underlined  oortions  of  text  indicate  discrepancies 
with  Ooeratcr  Transcriotion  (Table  V). 
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TABLE  IX 


TEST  (3)  -  amateur  RADIO  OPERATORS 
OPERATOR  TRANSCRIPTION 


Amateur  Radio  Operator  ffl 


RR  SAM  l-;6ML  DE  NbuTG  U  SOUND  VY  YOUNG  HI.  BT  WELL  I  FEEL  THA 

T  v'je  need  less  hams  not  more,  we  need  quality  mot  QUANITY.  8 

T  HAM  RADIO  IS  A  VY  S  HARD  HOBBY  TAKE  A  LOT  OF  STUDY.  8T  BT 
BT  0  BT  MY  XYL  IS  TELLING  BT  BT  BT  BT  BT  BT  BT  OK  ON  UR  CLUB 
HE.  BT  If1  PER  A  LOT  OF  GUO  CW  ACTIVITY  JUST  HRD  SUMON  RUM  A 
VFO  OVER  the  FREQ  RA  BT  THINK  WE  NEED  TO  GET  TOUGHER  ON  HAM 
S  HAVE  LICING  RENEa  BY  UPDATED  TESTS  EVERY  2  YRS.  BT  TO  PLAY 
AROU^.■D  .nITH  EOUIPTMENT  THAT  WE  CANT  FIX  OR  UMDEPI  UNDERSTAN 
D  IS  BAD  FER  THE  nOBBY.  BT  I  'WRITE  TO  W6UF  BILL  HE  A  VY  INTE 
RESTING  PERSON  I  TOLD  BILL,  that  EIMC  EIMAC  TUBEIS  TUBES  CAU 
SE  GRM  HI  HI  SO  NW  IM  ORU  WbNL  DE  W6NYG  KN 


Amateur  Radio  Operator  32 


'IhNYG  OF  '■•■'bM  HI  BT  BT  ES  THAT  IS  WHY  i%E  HV  A  LOT  OF  POOR  AM 
ATEUPS  NW  BUT  THFY  HAVE  TO  BE  TRAINED  ABT  IT  AT.L  AND  THAT  P 
ART,  IT  IS  UP  TO  US  TO  HELP  AS  MUCH  AS  POSSIBLE  BT  BUT  DONT 
FERGET  that  SO'^'E  OF  THESE  YOUNG  ONES  ALSO  KNOW  A  HEA  HECK  OF 
A  lot  more  ABT  THE  LATEST  SA  STIjFF  THAN  wE  DO  BT  HI  THEY  GE 
T  IT  IN  SCHOOL  ES  SO'^E  ME®  TO  A  LOT  OF  THINGS  WE  ARE  BEHIND 
IN  PT  BT  BT  THAT  IS  MY  EXPERIENCE  ANYWAY  BT  BT  I  AM  NOT  SO  M 
UCH  U.'i  ANYTNG  BUT  TUBES  SETS  Hi  BUT  GUESS  THAT  IS  NOT  THE  CA 
SE  wID  EVERYONE  TT  IS  FEW  SURE  oT  HI  SO  GUESS  IF  wE  TRY  TO  T 
EACH  EM  wHAT  wE  KNOW  TT  IS  ART  ALL  WE  CAN  DO  ABT  T  IT  HI  BT 
81  .-iELL  WONT  hold  U  ANY  LONGER  NW  FRANN  E  E  E  E  E  FRAT  FRANK 
3T  BT  TNX  FER  QSO  HV  EMJOyED  IT  BCNU  W6NYG  DE  WbNL  K 


Note 


Underl  inec! 
to  the  PVP 
was  oue  to 


oortions  of  text  indicate  auaio  applied 
was  outside  the  oassband;  any  response 
noise  or  interfering  signals. 
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TABLE  X 


TEST  (3)  -  AMATEUR  RADIO  OPERATORS 
UNMODIFIED  230-D  TRANSCRIPTION 


Amateur  Radio  Operator  »1 


S  F  F  Y  G  U 


_  S  OUMDVYYiNGHI.r  WELL  I  FEE  L  THAT  'wE  NE  E  DLE 

3  HA>i_MOT  MOPE  i_  wF  NEE  0  QUA  LIT  Y  NOT  QUANIT  Y=  HAM  RAOIOI 
S  A>yYS  <.0  H  OBBY  TA  KE  ALOT  OFSTUD  Y  =  =  =  0_MY  XYL  ISTELLIN 

gfutee  =  ehffeeie=heeereaiiefeeeeee 

E  E  E  =  =  OCQNIF  F  F  MI  EHE  .  =  IM  FEREA  LOTj.  G2.  CwACTI 

VITY_SThRD  SUMON  RIJN  R_VFO  OVEPTSEIFE  EE  E  S-  ENEED  TO  GET  T 

OUGh  ERGN  H  AMS  HAVE  L  ICING  RE  NEVj  BY  UPDATED  TEST  S  E  VERY2 
YRS  .  =TOPLAY  AR2.M0  HITH  EOU  TPT  MENT  TH  ATwE  CANTFIX  OR  UMD 
ER  I  ]_  U-NDERS  r  ANDI  S  BAD  FERTHE  H  OBB  Y.BT  I  WRIT  E  E  E  6UF 
B  ILL  HE  AV  Y  INT  E  R  FST  IMG  PERSON  I  T  OLD  8  ILL  ,  THAT  E 

I  C  E  I  M  AC  E  I  BE  S  CAUSE  QRT  HI  HI  SONW  IM^^  W6MLDEW6MY 

GKM 


Amateur  Raoio  Operator  a 2 


E  IGjh  EF=  =  ES  TMAIIS  ^  LOT  ,  POOEN  AMATEJS  N  W  BU  T 

IH  Ey  H  AVE  to  be  T  ENA  I  MFD  AH  TITAT  .L  AMD  TH  ATP  <.  T  ,  I  T 
IS_R  TO  US  TOH  ELP  AS  MU<.5  AS  POSSIBLE  =  BUT  DONTF  ERGET  TH 
AT  SO'NE,  THEY  :MG  ONES  .SORMO'/.'AH  EA  HECK  _j_  AL  OT  MORE  A6  T 


0  =  H  ^  THEY  G  ET  I  T 
Th  INGS  WE  JE  R  FH  A  6 
T  EN  C  E  ANYWAY  =  =  I 
AM  .J  CT  _S  S  0  JiU  C  H  ON  AM  Y  TMG3UT  TUBES  S  ETS  H  fE.  BUT  G  UESS 
THETIIS  N  0  T  THE  CASE  WI  D  EVERY  ONE  TT  ISFERSE  =  =  SO  GUE 


Tri  E  ^  LATEST  _S _  _ 

IN  SC  H  noL  ES  sn<.  t  h  e 
E  H  iUD  I  IN  =  =  =  that  IS 


T_  3 A  SIFF  THAN  wE  D 
R  TO  A  LOT 
MY  EXP  F.  R 


SS  IF  WE  TRY£  T_T  E  a  _bH  E  M  6.  ATWE  KNOW  TTIS  AB  1 J.  WECANOO 
_TITh  =  U  E  ^  L  WQNTH_DUAMYL0MGE  RMWFRAMN  E  E  E  E  E  F  E 
PAT  FRAiM  ^  =  =  TmXFEFMOSO  HVE  MJOiDIT  ESBClMf^*-*  ^G  DE 


L  <  K 


Note  1:  Encircleo  portions  of  text  indicate  audio  applied 
to  tne  PVP  was  outside  tne  nassbandT  no  response 
Mote  2:  Underlined  portions  of  text  indicate  discrepancies 
with  Orera*-or  Transcription  (Table  IX). 
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table  XI 


TEST  (3)  -  AMATEIJP  RADIO  OPERATORS 
?30-D  (MODIFIED  TRACKER)  -  TRANSCRIPTION 


Amateur  Radio  Operator  »l 


K  E  S  E 


_  Y  G  USOUNOVYYJ.NGHI  .z  wELL  I  FEE  L  THAT  l\E  NE  E  OLESS 

hAM_NOr  MORE  JL  t'.E  NEED  QUA  LIT  Y  NOT  QUANITY.=  HAM  RADIO 
IS  AVYS  HARD  HOBBY  TA  KE  ALOT  OFSTUO  Y_z  z  z  Q  MY  XYL  ISTE 
LLING  =  (here  noise  drives  the  tracker  up  and  the  230-D  must 


be  re-ini  t  i  ai  i  zed)  0  S(  HQ  FHF  .  F  IM  F_£E.A  LOTj^  GUO  Ch/ACTIVI 

TY  ASTH  RO  sum  JN  run  AVFO  0  VE  H£  FET  EE  E  I-  ENEED  TO  GET 

T  UUGH  ERON  H  AMS  HAVE  DICING  RE  NEWBY  UP  DATED  TEST  S  E  VER 
^YRS.  =TOPLAY  ARj_MO  WITH  EQU  IPT  MENT  TH  ATWE  CANTFIX  OR  UNO 
ER  I  T  UMDERSTANCI3  BAD  PER  THE  H  OBB  Y.8T  I  WRITE  E  IE  6UF 
BILL  HEAVY  INT  E  R  EST  ING  PERSON  I  T  OLD  BILL  ,  TH  AT  E 

I  M  C  E  I  ^  A  *  E  P  F  BE  S  CAUSE  GRT  HI  HI  SONW  IMI.U  <.  WbNLD 

EftoNYGKN 


Amateur  Radio  Ooerator  #2 


E  IGlH  EE  P_=  ES  that  is  ^  Y  I'.’E  HV  A  LOT  j_  POO^  AMATEURS  N  W 
BUT  TH  EY  H  AvE  TO  BE  T  ENAINEO  A3  TITAT  .  LAND  ATP  <_  T  , 

IT  IS  P  TO  US  TOHELP  AS  MU<.B  AS  P  OSSIPLE  =  BUT  DONTF  ERGET 

TH  AT  SOME  these  Yj_NG  ONES  _^SO  KNOWAH  E  A  HECK  j_  AL  OT  MO 
RE  AB  T  TH  E  ATEST  S  T  SA  S  !££  THAN  WE  D  0  =  H  THEY  G 

ET  I  TIN  SC  HO  OL  ES  SO<.E  H  E  P  TO  A  LOT  j_  Th  INGS  I'lE  <.E  6. 

Eh  a  b  E  H  IND  J_  in  PTE_  =  =  THAT  IS  my  ExP  E  R  IE  NCE  ^YWAY  = 
=  I  AM  not  I  SO  MU  Ch  OM  ANYTNGBUT TUBES  S  ETS  H  EE  BUT  G  UE 


SS  THETTIS  NOT  THE  CASE  wl  Q  EVERYONE  TTISEERS_E  =  ^  =  SO  GU 
ESS  IF  aE  TFY_E  T  TEA_/HEM_b  ATWE  KNOW  TTIS  AB  T^L  WECAN 
OOAB  TITHEE=  =  W  E  ££  L  WOMTH_DUAN YLONGE  RNwFRANN  E  E  E  E  E 
ER’.-i  ERANK  ^  -  TNXEER_0  HVE  MJOiOIT  ES  BC-S  6NNU  WbN  YG  DE  N 

L  <  r 


Tote  Encircled  portions  of  text  indicate  audio  aoolied 

to  the  PVP  was  outside  the  oassbandT  no  resoonse 
Note  2:  Underlined  portions  of  text  indicate  discrepancies 
with  Ooerator  Transcription  (Table  IX). 
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TABLE  XII 


TEST  (3)  -  AMATEUR  RADIO  OPERATORS 
230-D  (DELAY  MODIFICATION)  -  TRANSCRIPTION 


Anateur  Radio  Operator 


S  EfyO  USOUMOVYYj_NGHI  .=  WELL  I  FEE  L  THAT  VVE  NE  E  DLESS  HAM_N 
OT  M  ORE  ImF  NE  E  D  QUA  LIT  Y  NOT  QUANIT  Y  .=  HAM  RADIOIS  A 
VYS  HARO  H  OBBY  TA  KE  ALOT  OFST  UD  Y  =  =  =  Q  X  MYXYL  ISTELLI 
NO  RT  F  =  TES  F  F  U  F  =SF  F  F  F  FNF  FFSNIEEFIEFEF 

=  =  0  CO  MTT  no  T  M  Fm;W.  UC  F  V  F  .=  AM  IIPEA  LO  TE_i.  GUO  CWA 

CTIVITY  &STHPO  SUMON  RUN  AVFO  0  VE_HE  F$  E  E  STS  ENEED  TO  GE 

T  T  OUGH  ERON  H  AMS  HAVE  LICIMG  PE  NEw  BY  UP  DATED  TEST  S  E 

VERY  ^  YRS.  =TOPLAY  AR_^NC>  dITH  EQU  IPT  MENT  TH  ATWE  CANTFIX 
OR  UNDER  I  T  UNDERSTAND!  S  BAOFEPTHE  HOBS  Y.=  I  '-mRITE  E  E  6U 
F  BILL  HE  AVY  INT  E  R  ESTPIG  PERSON  I  T  OLD  BILL  ,  THAT  F  I 
M  C  E  I  WAC  E  F  FFE  E  BES  CAUSE  QRT_E  H  IHI  SONW  IMJ.U<.  NbNYG 
KN 


Amateur  Radio  Operator 


I  IGI  H  FE=  =  FS  THAT  IS  ^  Y  V»'EHV  A  LOT  POO^  AMATEURS  NW  8U 
T  ThEY  H  AVE  TO  BE  T  ENAINED  AB  TITAT  .L  AND  ’TH  ATP  <.  T  ,  I T 
IS__P  TO  US  TOh  ELP  AS  miks  aS  P  OSSIBLE  =  BUT  DOMTFFRGET  TH 
AT  SOME  j_  these  Y:NG  ONES  ^SO  KMOWAH  E  A  HECK  j.  AL  OT  MORE  A 
B  T  TH  E  XL  ATEST~S  T  SA  S  TFF  THAN  /JE  DO  =  H  _FE.  THEY  GET 
I  TIN  SC  h  OOL  ES  SO<,  E  H  F  °  TO  A  LOT  TH  INGS  WE  X  E  B  EH 
_A_  B  E  H  IND  ±  IN  ^  -  THATIS  myExP  ERIE  NCE  -  =  I 

AM  N  OT  I  SO  •‘'•U  C  H  ON  ANYTNG  BUTTURE  S  S  ETS  H  EE  BUT  G  UE 

SS  (H^TTIS  M  OT  THE  CASE  'X' I  0  EVERYONE  TT  ISFERS  E  =  =  SO  GU 

ESS  IF  nE  TRYE_  T  T  E  a  CH  E  X  *TWE  KNOW  TTIS  AB  T_j_L  IvECAND 
0  TITh  EE=  =  ’A'  E  EX  L  WONTH  OUANYLONGER  NwFRANN  E  E  E  E  E  E 

FRAT  FRANK  X  =  =  TNXFER  QSO  HVENJOXDIY  ES  8C5  6NMU  WoN  YG  DE 

_NL  S. 


Nofe  1:  Encircled  cortions  of  text  indicate  audio  applied 
to  the  P'/P  was  outside  the  oassbandJ  no  reponse 
Note  2:  Underlined  portions  of  toxt  indicate  discrepancies 
witn  Operator  Transcription  (Table  IX). 
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V 


CONCLUSIONS  AMO  RECQMMEiNO  AT  I  ONS 


A.  CONCLUSIONS 


It  has  been  shown  that  a  delay  modification  to  a  Morse 

3 

decoder  alqorithm  onerating  at  the  MICRO  level  can  enhance 
cecoding  ability.  This  lends  credibility  to  the  contention 
that  mak^/SPACE  history  alone  will  not  provide  sufficient 
information  for  even  an  excellent  decision  algorithm.  Some 
information  about  the  oresent  character  is  necessary,  and 
some  information  about  “future"  characters  would  be 
de s i r eab 1 e  . 


Characters  significant  to  average 

_ _ 

- -  y 


•CHARACTER  SENT 


time 


CHARACTER  DECODED 


FTGUPE  lU 

i'JORMAL  history  DECISIONS:  siam’ficant  element  decisions  are 
baseo  on  tne  nature  of  previous  characters  alone. 


3 

'•UCRO  a1Gori^hms  ocerate  on  an  elpment-to-element  basis 
wnile  ‘i/^CPO  aloorithcs  work  on  variable  length  "strings”  of 
elements.  The  latter  is  generally  considered  more 
successful  in  beconina  accuracy^  but  is  much  more  comolex  in 
onysical  im.clementation. 


5^ 


Characters  significant  to  average 

^  CHARACTER 


t 


CHARACTER 

DECODED 

FIGURE  15 

DELAY  DECISIOMS:  significant  element  decisions  are  based  on 
the  nature  of  past^  presents  and  "future**  characters. 


A  delay  in  processing  element  information  in  the  decoder 
is  used  wnile  allou/inq  the  averaainq  orocess  to  operate  on 
these  sane  elements  in  real-time.  Although  decoding  does 
not  immediately  take  place  after  a  character  is  sent  (real¬ 
time)#  the  proper  timina  sequences  are  faithfully  maintained 
ana*  the  characters  are  decoded  in  "pseudo"  real-time. 

Since  most  elementary  aloorithns  base  decisions  on  the 
"history"  of  t^he  elements#  it  would  seem  worthwhile  to 
consider  mooification  of  existing  circuits  to  allow  the  use 
of  delayed  orocessinq.  The  actual  Quantity  of  delay  to  be 
useo  for  optimum  contripution  to  the  algorithm  will  depend 
upon:  (1)  the  nature  of  tne  aloorithm,  ( 2 )  the  nature  of 
cone#  and  (3)  the  clocking  eoeed  available  for  the  shift 
renisters. 

The  delay  modification  permits  consideration  of  past# 
present#  and  future  elements?  this  effectively  transforms  a 
'•'U  C  R  C  -  a  1  o  o  r  i  t  h  m  into  a  combination  M  I  C  R  C  / A  C  R  0  -  a  1  q  o  r  i  t  h  m  . 

It  is  of  interest  r  q  note  that  the  greatest  apparent 
improvement  (Test  1)  occurred  at  th#»  12  wpm  speed.  For  the 


original  d?50-():  twelve  characters  were  not  successfully 
decode (due  to  all  dash  or  high  dash  content)/  three 
characters  reouired  two  or  more  Morse  repetitions  to  begin 
decoding/  and  only  two  characters  (E  and  T)  began  decoding 
immediately.  After  the  tracker  modification:  only  six 
characters  failed  to  decode  successfully  and  no  other 
character  required  more  than  one  Morse  unit  to  begin 
decoding  correctly.  The  most  significant  imorovement  came 
witn  the  delay  -nodi  fi  cation:  the  same  six  characters  (from 
the  modified  tracker  results)  remained  undecoded/  but  ALL 
''emaininrj  characters  were  decoded  immediately! 

The  results  for  20  worn  and  ^0  wpm  are  similarly 
encouraging/  but  not  as  dramatic.  This  is  due/  in  part/  to 
the  fact  tnat  the  diaital  soeed  tracker  is  initially  set  for 
10. S  worn  and  does  not  have  to  adjust  radically  for  the  12 
wom  coa^.  A  longer  static  Shift  register  line  should 
nroouce  results  at  20  worn  and  'H)  worn  that  are  comparable  to 
the  1?  observations.  Optimization  would  need  to  be 
Performed  to  account  for  the  new  MARK  delay  and  the 
resulting  longer  averaging  interval  for  soeed  fluctuations. 

Finally/  this  thesis  has  not  SOLVED  the  oroolem  of  lost 
characters  in  decoding;  it  has  contributed  to  a  significant 
reduction  in  these  losses. 
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B.  PECOMMENDATIONS 


Devices  using  variations  of  both  MICPO  and  MACRO 
aporoaches  are  being  presented  continually.  The  ohysical 
i  mp  1  erren  t  a  t  i  on  of  a  MICRO  algorithm  generally  has  a  cost 
advantage  while  the  MACRO  techniques  maintain  the  advantage 
in  degree  of  successful  decodina.  On  closer  inspection#  it 
is  easily  observed  that  most  decoding  algorithms  leave  much 
to  be  aesired.  The  most  sophisticated  algorithm  eventually 
fails  due  to  Cnisnolm's  Law  of  Human  Interaction.  (There 
will  ALWAYS  be  someone  sending  Morse  code  that  will  tear  up 
the  a  1  go  r i  t  nm  I  J 

The  recent  upsurge  in  microcomputer  usage  offers  a 
viable  and  inexpensive  approach  to  the  optimization  of 
decodino  alaorithms.  It  would  seem  wise  to  invest  in  one  of 
the  more  flexible  units  to  make  software  algorithm  changes 
prior  to  tne  ac^'ual  hardware  work.  In  addition# 
microcomputers  can  be  used  to  attack  some  of  the  problems 
attenaant  to  '‘"^orse  cooe  reception  (e.g.  drifting  receivers# 
chirping  transmitters#  noise#  etc.).  To  some  extent#  these 
microcomputers  might  even  be  programmed  with  a  limited 
contextual  analysis  ability  designed  to  detect  probable 
errors  in  a  hargware  (or  software)  decoder. 

There  is  much  left  to  be  done  in  the  area  of  Mgrse 
translation  before  complete  automation  shcula  be  attemoted. 
Tne  ^oliowina  areas  are  representative  of  Projects  currently 
under  cevelopment  or  that  should  be  considered  for  further 


work:  (1)  audio  filters  caoable  of  tracking  a  drifting 
receiver/transnnitter/  yet  canable  of  providing  a  passband 
narrow  enough  to  be  consistent  with  the  Morse  signal 
bandwidth;  (2)  secreoafion  of  Morse  signals  in  a  common 
Dassband  by  freauency  or  keyina  characteristics;  (3) 
segregation  of  Morse  sicnals  from  non-Morse  signals;  (4) 
"fist**  identification;  and  (5)  contextual  analysis* 

Finally/  a  few  comments  are  in  order  regarding  orevious 
methoos  for  comparing  ocerator  transcrioed  Morse  to  machine 
decoded  outout.  Aith  few  exceptions/  experienced  operators 
have  been  used  to  Generate  **  standards"  for  comparison  to 
machine  fiecodina.  Little  cons i aeration  has  been  made  for 


in  t  ransm i 

ssion  that  tne 

s  e  n  d i no 

ope  r a  t  o  r 

may 

have 

and  that 

went  undetected 

by  the 

receiving 

expert 

.  A 

different  approach  to  tris  comparison  technicue  would  be  to 
allow  the  sendinn  operator  to  copy  his  own  text  (at  a 
different  speed  or  freauency#  if  necessary)  and  compare  this 
result  to  the  machine  output  ana  the  expert’s  transcription, 
<^Pove  all  /  persons  ccing  the  final  evaluation  of  the  tests 
shoula  be  k  now  1  edceab  1  e  in  '^'orse  from  on-the-air  experience 
rather  than  from  book-derivea  exoertise*  Not  that  the 
" POO k -e X oe r t s "  lack  knowledae  or  ability;  rather/  they  lack 
real-world  experience  using  their  knowledge  of  Morse*  Morse 
by  sight  is  co^^pletely  different  from  Morse  by  ear. 


b? 


APPENDIX  A 


international  morse  code  listing 


230-D 

visual 

CHARACTER  REPRESENTATION  display 


A(8) 

• 

A 

3(12) 

"  •  •  • 

8 

C(1A) 

C 

0(10) 

0 

E(a) 

• 

E 

F(  12) 

F 

G  (  1  2  ) 

• 

G 

H(  10) 

•  •  •  • 

H 

1(6) 

•  • 

I 

J  (  1  6  ) 

• 

J 

K(  12) 

K 

L(12) 

L 

M(  1  0) 

-- 

('! 

N  ( 8 ) 

• 

N 

0(  1  A) 

— 

0 

P(  lA) 

•  • 

P 

Q  (  1  6  ) 

"  • 

Q 

R(  10) 

R 

S(8) 

•  •  • 

S 

T  (6) 

- 

T 

U  (  1  0  ) 

U 

V(  12) 

•  •  • 

V 

d  (12) 

W 

X(  lA) 

X 

Y  (  16) 

Y 

Z  (  lA) 

"  •  • 

Z 

1  (20) 

• 

(cut  . -) 

1 

2(18) 

•  *  ~ 

(  .  .-) 

2 

5(16) 

•  •  • 

(...-) 

3 

A(  lA) 

•  •  •  •  “ 

( _ -) 

A 

5(12) 

•  •  •  •  • 

(•••«•) 

5 

6(  lA) 

"  •  •  •  • 

(-....) 

6 

7(16) 

•  •  • 

(-...) 

7 

8(18) 

.  • 

(-.  .  ) 

pt 

*1(20) 

*  "  "  "  • 

(-.  ) 

9 

0(22) 

(-) 

0 

Tr>e  fioures  in  narentheses  reoresent  the  nur^ber  of 
( D 1 C s /  nouds)  that  are  required  in  time  to  send 
character.  This  numoer  includes  the  3  unit  letter 
followina  a  character. 


dots" 

the 

space 
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APPEi^OIX  B 


MORSE  CODE  SPEED  STANDARDS 


Telearaoh  signals  are  characterized  bv  element  time 
durations  equal  tO/  or  greater  than»  the  shortest  dot 
interval.  Teleqrach  soeed  is  generally  expressed  as  the 
inverse  ot  the  dot  interval  in  seconds.  One  dot -per-second 
will  be  one  baud. 

Tnere  are  many  soeed  "standards"  for  Morse  code;  each  is 
cased  on  tne  type  o*  traffic  oeing  sent.  This  appendix  will 
discuss  the  three  most  common  currently  in  use. 

(1)  AVERAGE  WORD  STANDARD 

Since  tne  number  of  dots  and  dashes  varies  for  different 
characters/  the  use  of  an  average  duration  may  be  desired. 
For  Emlisn  olaintext/  a  character's  average  length  (not 
incluoina  its  associated  LETTER  SPACE)  is  roughly  9  dots  and 
an  average  word  is  five  letters.  (For  International  Morse 
fhe  averaoe  character  is  close  to  11  dots.)  Therefore/  "M" 
wo.m=  N((5x9)+71  =  S2N  oots/minute.  This  corresponds  to 
1150/ N  milliseconns  oer  dot.  (e.g.  at  20  worn/  1  dot  =  57.5 
msec  .  ) 

(2)  PARIS  (50  baud)  STANDARD 

Iho  most  common  spe^H  standard  in  use  is  the  PARIS 
standard.  Tho  word  PARIS  consists  of  50  bauds  (including  a 


bS 


seven  um  t  l^OKO-SPACE  and  four  LETTER-SPACES) 


If  ten  PARIS 


words  can  be  sent  in  one  trinute»  the  speed  is  10  wpm. 
Therefore^  "N"  wDm=  SON  dots/ninute.  This  corresponds  to 
1290/iN  nilliseconds  oer  dot.  (e.g.  at  20  wprp»  1  dot  =  60 
msec  .  ) 


(3)  CODEZ  (60  baud)  STANDARD 

Most  military  stations  use  a  standard  based  on  the  60 
baud  word  CODEZ.  Using  CODEZ^  the  speed  in  wpm  APPEARS  to 
be  much  faster.  The  use  of  C0D£Z»  as  opposed  to  PARIS»  is  a 
result  of  two  different  tyoes  of  code  transmission.  In  the 
military/  five  letter  cooed  grouos  are  prevalent/  while 
amateur  and  commercial  users  transmit  niaintext  containing  a 
hicher  ratio  of  E's  and  I's.  The  CODEZ  standard  is  used  to 
cc^pensate  for  this  difference.  Therefore/  "N"  wpm  =  60N 
dots  per  minute.  This  corresponds  to  1000/N  milliseconds 
oer  dot.  (e.a.  at  20  wpm,  I  dot  =  50  msec.) 

An  example  of  trie  PARIS/CODEZ  difference  isi 

oO  wpm(PARIS)  =  20  msec/dot  =  50  wpm(CODEZ) 


APPEMOIX  C 


VORSE  SIGNAL  BANOWIDTH 


Tnere  is  widesoread  (and  uninformed)  belief  that  the 
Morse  coded  CvN*  signal  has  essentiallv  a  zero  bandwidth.  The 
followino  aroument  demonstrates  how  the  bandwidth  of  a  tMorse 
coded  Cv\  signal  is  oependent  on  code  speed* 

To  calculate  the  bandwidth  of  a  Morse  signals  the 
autoc orrelation  function  will  oe  of  value* 


Figure  16.  Random  Morse  Signal 

At  any  instant^  of  time#  X(t)  assumes  a  value  of  **0”  or  ”1'* 
with  eaual  prooaoility-  X(t)  makes  independent  random 
t'^aversals  from  one  level  to  the  other, 

X  =  0-P(X=0)  +  1-P(X=1)  =  P(X=1)  =  1/2 

Assume  that  the  orobabili^y  of  ’*k'*  traversals  in  '*T**  seconds 
is  given  by  the  Poisson  distribution: 

k 

(aT) 

P  (  k  f  T  )  =  ■■  e  X  p  (  -  a  T  ) 

k  ! 

/, here  a=  tre  averaoe  number  of  TRAVERSALS  cer  unit  of  time. 
Define  Xi=xrt:)  as  a  discrete  random  variable  having  values 
'*U"  and  ”1’*.  Similarly/  define  X2::X(ttT),  The  possible 


o7 


outcones  of  an  excerifnent  involving  XI  and  X2  aret  (0»0)f 


(0,1)/  (1,0),  (1,1).  The  A.C.F.  (autocorrelation  function) 

Rx^T)  =  "71^77.  Therefore, 

Rx(T)  =  (0* 0)P(X1=0,X2  =  0)  +  (0» 1 )P(X1=0,X2  =  1  ) 

+  (1*0)P(X1=1,X2=0)  +  (1-1)P(X1=1,X2=1) 

so,  Rx^"^^  =  F(X1  =  1  ,  X2=l  ) 

This  is  thp  orobability  that  Xl=l  and  that  an  EVEN  number  of 
traversals  occur  net  ween  (t)  and  (t  +  T). 

P(X1  =  1,X2=1)  =  P(X  1  =  1  ,  l<  =  even)  =  P(X1  =  1)  P(k=even) 

Since  the  traversals  are  indeoendent  of  level. 


R^(T)  =  ( l/2)P(k=even) 


and,  P(k=even)  in  the  interval  T 


oo 


=  e  V  o  n 

Mt\e  the  naaniruoe  sion  converts  T  to  an  interval  of  tinf^e. 


CO 


(alTT)"  J_ 

k(  2  Z ^  kl 


oo 


k 


ic=o 

k=ever» 


k  =  0 


(1/2)  lexD(a|T|)  +  exD(“a|T|)l 


R^lT)  =  (1/y)  (1  f  exp(-2a|T| )) 


The  power  spectral  aensitv  function  Gj^(f)  is  obtained  from: 


4 


4a 


G  (f) 

X 


POl'iER  SPECTRUf^  OF  THE  MORSE  SIGNAL 


Solvino  the  eouatioo;  th®  3  d8  bandwidth  for  the  Morse 
signal  is  (2a/Tt).  Since  the  word  PARIS  contains  28 
traversals^  this  would  indicate  a  5  dB  bandwidth  of  5.9  Hz 
for  a  20  worn  signal.  Further  analysis  reveals  that/  for  95% 
Dower  of  a  Morse  signal  at  20  worn/  Bandwidth  =  52.8  Hz. 
Tnis  figure  closely  aarees  with  the  "standard”  used  by 


APPENDIX  D 


typical  algorithms  used  by  automatic  decoders 

{ 1 )  IDEAL  DOT  algorithm 

All  mark/space  decisions  are  based  on  an  element-to* 
element  basis.  For  exanoler  if  the  first  element  is  less 
than  (1/2)  that  of  the  second/  it  was  a  dot.  Similar 
decisions  are  made  for  the  soaces  and  are  highly  dependent 
on  the  nature  of  the  code  heina  sent.  This  algorithm  tends 
to  be  extremely  susceptible  to  noise. 

(2)  COT-PERIOD  average  ALGORITHM 

All  decisions  are  based  or  a  quantity  recresentinq  the 
dot  plus  its  subseauent  space.  In  an  average/  this  Quantity 
is  aoD r o X 1 n a t e 1 V  eoual  to  2  x  (dot).  Again/  all  decisions 
are  based  on  the  same  Quantity/  anc  will  be  dependent  on  the 
nature  of  the  cone.  This  alaorithm  is  somewhat  less 
susceptible  to  noise  effects/  but  generally  fails  to 
consider  the  effect  of  ooor  soacinq  formations. 

(3)  mark-space  average  ALGORITHM 

This  techniaue  is  documented  in  reference  [1].  The 
average  algorithm  is  a  variation  of  the  DCT-PERIOD 
alaorithm.  Here/  ALL  "'arxs  and  spaces  are  initially 

assicned  a  name  (dot/dash/olement  soace/  etc.)  according  to 
a  fixed  formula.  As  each  type  of  N'APK/SPACE  begins  to 


accumulate  in  its  "bin 


t^e  formula  is  changed  to  a  more 


reoresentative  mathematic  relationship  giving  more  noise 
immunity*  The  decisions  nere  are  two-dimensional  in  nature 
and  are  illustrated  in  figures  2  f  ^  f  and  6* 

(a)  SLIDING  l^INDOW  ALGORITHM  (MAUDE) 

This  algorithm  was  first  oresented  in  the  late  1950’s* 
Its  main  feature  is  the  ability  to  store  strings  of 
charactersf  analyze  the  string’s  statistics^  and  use  those 
statistics  to  decode  the  elements  in  the  string*  As  more 
code  characters  are  available^  the  ’’window"  moves  in  timer 
and  tne  orocess  continues*  The  significant  difference  here 
is  the  ability  to  decode  the  same  character  more  than  once 
in  oifferent  strinas  ano  comoare  the  results  for  accuracy. 
Although  claimed  accuracy  was  high#  real-time  off-the-air 
N'orse  was  not  used  in  the  original  tests* 

There  are  a  oreat  many  more  algorithms  possible.  Some 
use  a  n  r i o  r i  knowleoae  of  the  characteristics  of  the  code  to 
aid  in  s i mo  1  i  f i c a t i on ;  others  use  extremely  comolex 
mathematical  models  to  describe  the  nature  of  the  signal 
oatterns*  The  algorithms  mentioned  in  this  appendix  all  use 
the  dot  as  a  reference  in  some  fashion.  This  should  not  be 
interpreted  as  an  inference  that  the  dash  is  not  used/  on 
the  contrary#  the  cash  IS  used  in  soff»e  algorithms.  The  use 
of  the  dash  or  an  elementary  soace  as  the  reference  is  not 
as  popular  as  the  use  of  a  (lot#  since  the  dot  reference 
algorithms  see^  to  yield  b^^^tter  results* 
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APPENDIX  E 


INTEGRATED  CIRCUIT  CHARACTERISTICS 


The  diaital  delay  circuit  shown  in  figure  11  utilizes  a 
7^121  nonostable  multivibrator  integrated  circuit  and  a  2533 
^OS  static  shift  register.  This  appendix  contains  pertinent 
information  about  each  of  these  devices. 


SN74121  Monostable  Multivibrator 
Timing  Pins 


Q  A1  A2  B  Q  GND 


1.  B  is  a  positive  Schmitt-trigger  input  for  slow  edges  or  level 
detection^  and  will  trigger  the  one-shot  when  B  goes  to  logical  1 
with  either  Al  or  A2  at  logical  0. 

2.  External  timing  capacitor  may  be  connected  between  pin  10  and  pin  11. 
With  no  external  capacitance,  an  output  pulse  width  of  30  nsec  is 
typically  obtained. 

3.  To  use  the  internal  timing  resistor  (nominally  2K  ),  connect  pin  9 
to  pin  14. 


\ 
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2533 


1024-bit  Static  Shift  Register 


V  (+5v) 
cc 

INPUT  2 

CLOCK  IN 

INPUT  1 


STREAM  =  0,  INPUT  1  selected 
SELECT  =  1,  INPUT  2  selected 


CLOCK  IN 

INPUT  1 


STREAM  1 
SELECT J 


INPUT  2 


OUT 


1.  All  inputs  of  this  Static  Shift  Register,  including  the  clock,  can 
be  driven  directly  by  bipolar  DTL/TTL  integrated  circuits  without 
external  interface  components.  The  output  is  push-pull,  providing 
a  fanout  of  one  normal  TTL  load. 

2.  The  three  clock  phases  used  in  the  static  register  cells  are  generated 
by  an  on-chip  generator.  This  clock  generator  is  controlled  by  a 
single  DTL/TTL  logic  level  input. 

3.  Data  is  entered  when  the  clock  is  at  a  logic  1.  Data  is  shifted 
when  the  clock  goes  low. 
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o  if)  i  >  iii  to 


Cc — ancer,  **ev5l  Sec'^ri^'y  Gf^ouo  Co^'^ana 
\ava^  Security  G^cuo  *-6  accua  r  t  e  r  s 
3-01  'ecras<a  ^ve./ 

A  a  s - i ^  c  t  o  ^  #  S .  C .  20  3^0 

Js-er,  G5 


Co--a-cer,  *i5va1  Security  Grouo  Co-'encJ 
oval  Secu-ity  Grouc  -eadcua  t  e  r  3 
380!  ’■•eoras<a  ^ve./  • 

f^os'^inctc*^/  C.  205^0 
-T7N:  H.  ?noe-o<er,  GS? 

CD=^  r..  Ger-e- 

LCC^  - .  Cleary 


10.  Co-^a-ai-c  Ofricer 

Na*.  a1  Electro-ic  Sysre'^s  Secu-itv 
£  ^  i  »  r  c  C  e  t  e  r 
o/a1  5ecu-^:v  Static'' 

!  **e^-as<3  A  VP.#  ’. 

i-cto'^f  0.  C.  203^0 
'•‘r.  0.  ne'^s^e- 


'"a'^C^r^  aval  -!^C*’ron^c  5vs*‘ 
Elect-c"'^c  Evste^s  Cc  —  a-c 
-1  j7 

S.  C.  2C3cO 

*”**:  CC^  A.  P.  Taylo*" 

LCr^  -.  Tcca-c 
C  J.  Ja-^-s 

•  •  w‘^w'3-#Tr 

"  -  .  -  .  u  c  -  e  n 
•  r  .  -  .  * '  a  •  e  r  a  z  z  a 


‘-3  Cc'^-aro 
•“eaccua-ters 


L  '>--3-ce  - 


_  »  • 
•  ^ 


aval  E 1 ®  c 
Cal  •  c  ^  -  i  3 
^  .  G  a  c  •  -  c 
J  .  c  -  ^  V  - 


ICS  Lac 

-2152 


C'^a^cry  Center 


-ssota-t  Cc““a-cer#  Vava’  Security  Grcuc 
^t.  Gec^ce  G.  'aacef  **'aryiar,c:  20  755 

iTr\;  LT  Cj-:-cs 


1 


15 


2 


D 1  rector 

National  Security  Aoency 
G  r  o  u  D 

Ft,  George  G,  i^^eade/  Maryland  2  0  755 
ATTN:  LT  F,  L.  Bell 
Mr.  D.  Howe 


lo.  ArrrySecurityAqency  1 

Arlington  Hall  Station 
Arlington/  Virginia  22212 
ATTN:  Mr.  H .  Ho vey 


17.  ASA  Field  Station 
Vint  Hill  Farms 
I'.arentoH/  Virainia  22186 
ATT'^:  Dr.  Ahite 


1 


13.  E 1 ec t romaane t i c  Svstems  Labo r a t o r i e s /  Inc.  1 

^^5  Java  Drive 
Sunnyvale^  California 
ATTN:  i''  '*  r  .  d  .  P  h  i  1  1  i  o  s 


19.  Interstate  Electronics  Corooration  1 

707  E.  Vermont 
Box  311/ 

Ana^^ei'T'/  California  928  05 

ATTN:  Mr.  L.  R.  Roberts 


20.SanOprsA5sociates  2 

^-^^Canal  Street 
I'iasbua/  New  HamosHire  03060 
AlfN:  f.,r.  T.  Huff 
1^'  r  .  .  Z  a  n  a  i 


21.  Sylvan ia/EOLSvsteTs  . vest  1 

P.  0.  Box  2o5 

T'ountain  View/  California  940^0 
ATT*'':  r  .  D  .  L  i  t  t  1  e  r 


22.  TP/j/  Inc.  1 

2700  Building  S 
1  Space  Far{< 

^eaondo  Beach/  California  90278 
ATT*'!  Dr.  Barry  /ihalen 


7^ 


^3 


1 


Pic‘<erinq  Radio  Comoany 
P-  0,  Box  29 

Portsnouthf  Rhode  Island  0^871 
ATTM;  Mr,  Tom  Pickering 


2^  ^  Naval  Communications  Station^  Rota  I 

NAVSECGRU  Department 
FPO.  New  York  095^0 
ATTN:  CDR  R.  Snields 


25,  Naval  Communications  Station,  Londonderry  1 

FPO,  New  York  09S12 
ATTN;  C I V  0  M ,  M ,  Anderson 


2o.  U.  S.  Army  Conmun  i  c  a  t  i  ons"-£  1  ec  t  ron  i  c  s  1 

Engineering  Installation  Aaency 
Fort  HijacF. uca/  Arizona  85613 
ATTN:  George  Lane 

(Electromagnetics  Engineering  Division) 
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